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DESCRIPTION 



HOT DIP GALVANIZED HIGH STRENGTH STEEL SHEET EXCELLENT 
IN PLATING ADHESION AND HOLE EXPANDABILITY AND 

METHOD OF PRODUCTION OF SAME 



TECHNICAL FIELD 

The present invention relates to a hot dip 
galvanized high strength steel sheet excellent in plating 
10 adhesion and hole expandability and a method of 

production of the same . 
BACKGROUND ART 

In recent years, improved fuel economy of 
automobiles and reduced weight of chasses have been 

15 increasingly demanded. To reduce the weight, the need for 

high strength steel sheet excellent in tensile strength 
and yield strength has been rising. However, along with 
the rise in strength, this high strength steel sheet has 
become difficult to shape. In particular, steel materials 

20 have fallen in elongation. As opposed to this, recently, 

TRIP steel (high residual austenite steel) high in both 
strength and elongation has come to be used for the frame 
members of automobiles. 

However, conventional TRIP steel contains over 1% of 

25 Si, so there are the problems that the plating is 

difficult to uniformly adhere and the hot dip 
galvanization ability is poor. For this reason, hot dip 
galvanized high strength steel sheet reduced in the 
amount of Si and containing Al as an alternative has been 

30 proposed in Japan Patent No. 2962038 and Japanese Patent 

Publication (A) No. 2003-105486. However, the former 
continues to have a problem in the plating adhesion since 
the Si content is a relatively high amount of 0.53% or 
more. Further, the latter reduces the Si content to less 

35 than 0.2% to improve the plating adhesion, but residual 

austenite is built into it due to the relatively high 
cooling rate, so there was the problem that the cooling 
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rate could not be stably controlled and therefore the 
quality of the material became unstable. 

Further, there are also quite a few members which 
are worked by burring to expand the worked hole part and 
5 form a flange. Steel sheet also having a hole 

expandability as an important characteristic is therefore 
being demanded. Conventional TRIP steel meeting this 
demand changes from residual austenite to martensite 
after induced plastic transformation and has a large 

10 hardness difference from ferrite, so there is the problem 

of an inferior hole expandability. Further, due to the 
demands from auto manufacturers and home electrical 
appliance manufacturers for making steel sheet rust- 
proof, hot dip galvanized steel sheet has been spreading. 

15 In this way, various manufacturers have been changing 

over from conventional cold rolled steel sheet to surface 
treated steel sheet. Production setups have become 
necessary which shorten the production processes to 
enable large emergency and short delivery orders for 

20 surface treated steel sheet, in particular hot dip 

galvanized steel sheet, to be handled. However, in the 
case of high temperature annealed material or high 
strength steel sheet for producing the above-mentioned 
hot dip galvanization steel sheet, productivity is low 

25 due to the high temperature annealing. Therefore, in the 

case of large emergency orders/production of hot dip 
galvanized high strength steel sheet, there is the 
problem that production concentrates at the hot dip 
galvanization line having an annealing furnace before it 

30 and cannot be handled. 

On the other hand, an ordinary continuous annealing 
line for annealing the sheet material of cold rolled 
steel sheet or electrogalvanized steel sheet generally 
has a high speed and high productivity. Regardless of 

35 this, there are problems that a change in production 

reduces the production load as explained above, sometimes 
there is no material being run, and the production line 



• i 

- 3 - 

is idled. There was therefore the serious problem of an 
excess in production capacity. 

DISCLOSURE OF THE INVENTION 

The present invention has as its object to resolve 
5 the above-mentioned conventional problems and realize a 

hot dip galvanized high strength steel sheet excellent in 
plating adhesion and hole expandability and a method of 
production of the same on an industrial scale. 

The inventors engaged in intensive studies on hot 

10 dip galvanized high strength steel sheet excellent in 

plating adhesion and hole expandability and a method of 
production of the same and as a result discovered that by 
optimizing the steel ingredients, that is, reducing the 
amount of Si and using Al as an alternative element, it 

15 is possible to improve the adhesion of hot dip 

galvanization, that by adding Mo to give the material 
superior properties of both strength and elongation, and 
that by cooling to the martensite transformation point or 
less before the hot dip galvanization process, then 

20 heating to the temperature required for plating, it is 

possible to industrially produce steel stable in quality 
and including residual austenite and tempered martensite 
and further to improve the hole expandability. That is, 
they discovered that by subjecting steel sheet of the 

25 ingredients designed based on the above discovery to 

recrystallization annealing in the continuous annealing 
process in the two f errite/austenite phase range, then 
suitably overaging it in accordance with need, cooling to 
the martensite transformation point or less, then heating 

30 to the temperature required for plating for hot dip 

galvanization, a composite metal structure having ferrite 
as a main phase, having tempered martensite in an area 
percent of 0.5% to 10%, having a low temperature 
generated phase of residual austenite of a volume percent 

35 of 7% or more, and having a bainite phase is obtained 

and, in addition, the hole expandability is improved. 
Further, if performing the recrystallization annealing on 
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the continuous annealing line and performing the hot dip 
galvanization on the continuous hot dip galvanization 
line, large emergency orders/production can also be 
handled. The present invention was made to solve the 
5 above problem and has as its gist the following. 

(1) A hot dip galvanized high strength steel sheet 
excellent in plating adhesion and hole expandability 
containing C: 0.08 to 0.35%, Si: 1.0% or less, Mn: 0.8 to 
3.5%, P: 0.03% or less, S:0.03% or less, Al:0.25 to 1.8%, 

10 Mo:0.05 to 0.35%, and N:0.010% or less and having a 

balance of Fe and unavoidable impurities, said hot dip 
galvanization steel sheet characterized in that said 
steel sheet has a metal structure having ferrite, 
bainite, by area ratio, 0.5% to 10% of tempered 

15 martensite, and, by volume percent, 5% or more of 

residual austenite . 

(2) A method of production of a hot dip galvanized 
high strength steel sheet excellent in plating adhesion 
and hole expandability characterized by hot rolling a 

20 slab having the steel ingredients as set forth in (1), 

coiling the sheet at a temperature of 400 to 750°C, 
cooling, annealing by a continuous annealing process at a 

temperature of 680 to 930°C, cooling to the martensite 
transformation point or less, then hot dip galvanizing 

25 the sheet, during which heating to 250 to 600°C, then hot 

dip galvanizing it. 

(3) A method of production of a hot dip galvanized 
high strength steel sheet excellent in plating adhesion 
and hole expandability as set forth in (2) , characterized 

30 by cooling the steel sheet to the martensite 

transformation point or less of said continuous annealing 
process, then pickling it, or not pickling it, then pre- 
plating the steel sheet with one or more of 
Ni, Fe, Co, Sn, and Cu to 0.01 to 2.0 g/m per side. 

35 (4) A method of production of a hot dip galvanized 

high strength steel sheet excellent in plating adhesion 



and hole expandability as set forth in (2), characterized 
by alloying the galvanized layer after said hot dip 
galvanization process. 

(5) A method of production of a hot dip galvanized 
high strength steel sheet excellent in plating adhesion 
and hole expandability as set forth in (2) or (4), 
characterized by post-treating said galvanized layer or 
galvannealed layer with one or more of chromate 
treatment, inorganic film coating, chemical conversion, 
and resin film coating. 

(6) A hot dip galvanized high strength steel sheet 
excellent in plating adhesion and hole expandability 
characterized by comprising the hot dip galvanized high 
strength steel sheet of (1) further containing, by mass%, 
Ti: 0.01 to 0.3%, Nb: 0.01 to 0.3%, V: 0.01 to 0.3%, Cu: 
1% or less, Ni: 1% or less, Cr: 1% or less, and B: 0.0001 
to 0.0030%. 

(7) A method of production of a hot dip galvanized 
high strength steel sheet excellent in plating adhesion 
and hole expandability as set forth in (2), characterized 
in that the hot dip galvanized high strength steel sheet 
of (1) further contains, by mass%, Ti: 0.01 to 0.3%, Nb: 
0.01 to 0.3%, V: 0.01 to 0.3%, Cu: 1% or less, Ni: 1% or 
less, Cr: 1% or less, and B: 0.0001 to 0.0030%. 

BEST MODE FOR WORKING THE INVENTION 

First, the reasons for limitation of the ingredients 
and metal structure of the hot dip galvanized high 
strength steel sheet prescribed in the present invention 
will be explained. 

C is an essential ingredient from the viewpoint of 
securing strength or as a basic element for stabilizing 
the austenite, but the amount added has to be adjusted in 
relation to the amount of Si depending on the 
application. When the tensile strength required is a 
relatively low one of about 400 to 800 MPa and ductility 
or hot dip galvanizability is stressed, together with a 
low amount of Si (for example, 0.2% or less), the amount 



of C is made 0.08% to 0.3%, preferably 0.1 to 0.22%. On 
the other hand, when the tensile strength required is 600 
MPa or more or further a high 900 MPa and simultaneously 
workability is to be given and hot dip galvanizability 
not obstructing working is to be provided, together with 
a high amount of Si (for example, 0.2 to 1.0%), the 
amount of C is made 0.12 to 0.35%, preferably 0.15 to 
0.25%. 

Si is an effective element for securing strength, 
ductility, stabilizing austenite, and forming residual 
austenite. If the amount of addition is large, the hot 
dip galvanizability deteriorates, so less than 1.0% is 
added, but the amount of addition has to be adjusted 
depending on the application. When the tensile strength 
required is a relatively low 400 to 800 MPa or so and the 
ductility or hot dip galvanizability is stressed, Si is 
preferably added to less than 0.2%. When hot dip 
galvanizability is stressed, less than 0.1% is more 
preferable. When the tensile strength required is 600 MPa 
or more or further a high 900 MPa and simultaneously 
workability is to be given and hot dip galvanizability 
not obstructing work is to be provided, the amount of Si 
is made 0.2% to less than 1.0%. To secure hot dip 
galvanizability, the amount of Si is preferably 0.2% to 
less than 0.5%. 

Mn is an element which has to be added from the 
viewpoint of securing the strength and in addition delays 
the formation of carbides and is an element required for 
the formation of residual austenite. If Mn is less than 
0.8%, the strength is not satisfactory. Further, the 
formation of residual austenite becomes insufficient and 
the ductility deteriorates. Further, if Mn is over 3.5%, 
the martensite increases instead of residual austenite 
and invites a rise in strength. Due to this, the 
variation in the final product becomes greater. In 
addition, the ductility is insufficient. Therefore, the 
steel cannot be used as an industrial material. For this 
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reason, the range of Mn was made 0.8 to 3.5%. 

P is added in accordance with the level of strength 
required as an element raising the strength of the steel 
sheet, but if the amount of addition is large, it 
5 segregates at the grain boundary, so degrades the local 

ductility and simultaneously degrades the weldability, so 
the upper limit value of P was made 0.03%. Further, S is 
an element which forms MnS and degrades the local 
ductility and weldability. It is an element preferably 
10 not present in the steel, so the upper limit was made 

0.03%. 

Mo forms pearlite and reduces the residual austenite 
rate if less than 0.05%. Excessive Mo addition sometimes 
causes a drop in the ductility and deterioration of the 
15 chemical convertability, so 0.35% was made the upper 

limit. Preferably, the amount of addition of Mo is made 
0.15% or less to obtain a high strength-ductility 
balance . 

Al is an element required for causing residual 

20 austenite in the same way as Si. It is added to improve 

the plating adhesion in place of Si, promotes the 
formation of ferrite, and suppresses the formation of 
carbides so as to stabilize the austenite and 
simultaneously acts as a deoxidizing element. 

25 Stabilization of austenite requires addition of 0.25% or 

more of Al . On the other hand, even if Al is overly 
added, its effect becomes saturated and conversely the 
steel becomes embrittled. Simultaneously, the hot dip 
galvanizability is reduced. Therefore, the upper limit 

30 was made 1.8%. 

N is an unavoidably included element, but when 
included in a large amount, not only is the aging effect 
deteriorated, but also the amount of deposition of A1N 
becomes greater and the effect of addition of Al is 

35 reduced, so 0.01% or less is preferably contained. 

Further, unnecessarily reducing the N increases the cost 
in the steelmaking process, so normally the amount of N 
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is controlled to 0.0020% or more. 

Further, in the present invention, in addition to 
the above ingredients, it is further possible to add one 
or more of Ti: 0.01 to 0.3%, Nb: 0.01 to 0.3%, V: 0.01 to 
5 0.3%, Cu: 1% or less, Ni: 1% or less, Cr: 1% or less, and 

B: 0.0001 to 0.0030%. Ti,Nb,and V can be added for 
precipitation strengthening and for improvement of 
strength, but if 0.3% or more, the workability 
deteriorates. Further, the Cr,Ni,and Cu may also be added 

10 as strengthening elements, but if 1% or more, the 

ductility and chemical convertability deteriorate. 
Further, B may be added as an element for improving the 
local ductility and hole expandability, but if 0.0001% or 
less, the effect cannot be exhibited, while if 0.0030% or 

15 more, the elongation and plating adhesion deteriorate. 

In the present invention, next, the metal structure 
explained with reference to the method of production is 
an extremely important requirement. 

That is, the biggest feature in the metal structure 

20 of the hot dip galvanized high strength steel sheet 

according to the present invention is that the steel 
contains, by area percent, 0.5% to 10% of tempered 
martensite. This tempered martensite is obtained by 
taking the martensite formed in the cooling process after 

25 continuous annealing at 680 to 930°C and heating it to 250 

to 600°C, preferably 460 to 530°C, for continuous hot dip 
galvanization and tempering. If the amount of the 
tempered martensite is less than 0.5%, no improvement of 
the hole expansion rate is seen, while if over 10%, the 

30 difference in hardness between structures becomes too 

large and the workability falls. Further, by securing, by 
volume percent, 5% or more, preferably 7% or more, of 
residual austenite, the tensile strength x ductility is 
strikingly improved. Further, when the tensile strength 

35 required is 600 MPa or more or further a high 900 MPa and 

simultaneously workability is to be given, the residual 
austenite is preferably 7% or more. Further, this 
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tempered martensite, ferrite, bainite, and, by volume 
percent, 5% or more of residual austenite form the main 
phase. By including these in steel sheet in a good 
balance, it s believed the workability and hole 
5 expandability are improved. 

Next, the method of production of hot dip galvanized 
high strength steel sheet according to the present 
invention will be explained. A slab having the above- 
mentioned steel ingredients is hot rolled under ordinary 
10 conditions, then the sheet is coiled at a temperature of 

400 to 750°C. The reason the coiling temperature was made 
the above range of temperature was to change the 
structure after hot rolling to pearlite with a small 
lamellae distance or a mixed structure of pearlite and 
15 bainite, to facilitate melting of the cementite in the 

annealing process, to suppress scale formation, to 
improve the descaling ability, to increase the hard 
phase, and to keep the cold rolling from becoming 
difficult. Therefore, low temperature coiling in the 

20 temperature range of 400 to 750°C is preferable. 

The thus coiled up hot rolled steel sheet is cold 
rolled under ordinary conditions to obtain cold rolled 
steel sheet. Next, this cold rolled steel sheet is 
recrystallization annealed in a coexistent two-phase 

25 temperature range of austenite and ferrite, that is, a 

temperature range of 680 to 930°C. If the annealing 

temperature is over 930°C, the structure in the steel 
sheet becomes a single austenite phase and the C in the 
austenite becomes sparse, so it is no longer possible to 
30 cause stable residual austenite to form in the later 

cooling. Therefore, the upper limit temperature was made 

930°C. On the other hand, if less than 680°C, due to the 
insufficient solute C, the C of the austenite becomes 
insufficiently concentrated and the ratio of the residual 
35 austenite falls, so the lower limit temperature was made 

680°C. The above annealed steel sheet is cooled to the 
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martensite transformation point or less. The cooling 
means is not particularly limited and may be any of 
cooling by spraying water, cooling by evaporation, 
cooling by immersion in water, or cooling by gas jets. 
5 From the annealing to the cooling to the martensite 

transformation point or lower, overaging at a temperature 

of 300 to 500°C is preferable. This overaging is meant to 
efficiently transform the austenite to bainite to secure 
a bainite phase, further transform the martensite formed 
10 by the annealing to tempered martensite, and concentrate 

the C in the residual austenite for stabilization, so 

holding at a temperature range of 300 to 500°C for 60 
seconds to 20 minutes is preferable. 

Further, in the present invention, the steel is 

15 overaged, then cooled to the martensite transformation 

point or below to secure martensite. Note that the 
martensite transformation point Ms is found by Ms(°C)=561- 
471xC (%) -33xMn (%) -17xNi (%) -17xCr (%) -21xMo (%) . 

The reason why the hole expandability is improved is 

20 not clear, but it is believed by annealing and cooling to 

the martensite transformation point or less, then heating 
the steel at a low temperature for hot dip galvanization, 
the balance of hardness between the soft structure and 
hard structure is improved, the local elongation is 

25 improved, and thereby the hole expandability is improved. 

Further, in the present invention, the steel sheet 
cooled to the martensite transformation point or less is 
pickled as required before pre-plating. By performing 
this pickling before pre-plating, the steel sheet surface 

30 can be activated and the plating adhesion of the pre- 

plating can be improved. Further, the oxides of Si, Mn, 
etc. formed on the steel sheet surface in the continuous 
annealing process can be removed to improve the adhesion 
in the later hot dip galvanization. This pickling is 

35 preferably performed in a pickling solution containing 2 

to 20% of hydrochloric acid for 1 to 20 seconds. Note 
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that this pickling may be followed by Ni flash plating. 
Further, when the cooling after recrystallization in the 
continuous annealing process is cooling by any of the 
means of cooling by spraying water, cooling by 
5 evaporation, or cooling by immersion in water, a pickling 

process is required at the outlet side of the continuous 
annealing process for removing the oxide film on the 
steel sheet surface formed during the continuous 
annealing or during the cooling, so a pickling facility 

10 is provided at the outlet side of the continuous 

annealing facility. Therefore, the oxides of Si, Mn, etc. 
formed on the steel sheet surface can be removed 
simultaneously with the removal of the oxide film on the 
steel sheet surface for greater efficiency. In this way, 

15 the pickling process may be efficiently performed by a 

facility attached to the continuous annealing process, 
but it may also be performed by a separately provided 
pickling line. 

Further, in the present invention, to improve 

20 plating adhesion to the steel sheet cooled to the 

martensite transformation point or less, it is preferable 
to pre-plate it by one or more of Ni, Fe, Co, Sn, and Cu to 
0.01 to 2.0 g/m 2 per side of the steel sheet, preferably 
0.1 to 1.0 g/m 2 . For the method of pre-plating, any of the 

25 methods of electroplating, dipping, and spray plating may 

be employed. If the amount of plating deposition is less 
than 0.01 g/m 2 , the effect of improvement of adhesion by 
the pre-plating is not obtained, while if over 2.0 g/m 2 , 
the cost rises, so the amount of plating was made 0.01 to 

30 2.0 g/m 2 per side of the steel sheet. 

The thus treated steel sheet is next hot dip 
galvanized, but the sheet is preferably pretreated before 
this hot dip galvanization process. This pretreatment 
means treatment to clean the surface of the steel sheet 

35 by a grinding brush etc. Note that this grinding brush 

preferably is a brush containing abrasive particles. A 
cleaning solution used is preferably warm water, a 
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caustic soda solution, or both. 

Further, to enable even large emergency 
orders/production to be handled, it is preferable that 
the existing continuous annealing process and hot dip 
5 galvanization process be separate lines, but the 

invention is not limited to this. In the case of separate 
lines, it is also possible to perform temper rolling or 
other shape correction to correct any loss of shape of 
the steel sheet in the continuous annealing furnace or 

10 divert the steel sheet to an electrolytic cleaning line 

to remove dirt etc. Further, it also becomes possible to 
predict the quality in advance since samples of the 
material can be obtained between the continuous annealing 
and hot dip galvanization. 

15 The thus treated steel sheet is then galvanized by a 

hot dip galvanization process. In this hot dip 
galvanization process, the steel sheet is heated to a 
temperature at which the surface is activated or more, 

that is, a temperature range of 250 to 600°C. Note that if 
20 considering the difference in temperature between the 

galvanization bath and steel sheet, a temperature range 

of 460 to 530°C is preferred. The heating means is not 
limited, but radiant tubes or induction heating is 
preferred. To enable even large emergency 

25 orders/production to be handled, the heating furnace of 

an existing continuous hot dip galvanization line can be 
utilized. Further, steel sheet is already 
recrystallization annealed by the above-mentioned 
continuous annealing process, so there are the advantages 

30 that the sheet can be run at a higher speed than when 

directly transferred from the cold rolling process to the 
hot dip galvanization process and therefore the 
productivity is also improved. This is preferable when 
handling large emergency orders/production. 

35 Further, the galvanized steel sheet obtained by 

galvanization at said hot dip galvanization process may 
further be alloyed at the plating layer to make the 
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plating structure dense and obtain a hard, tough plating 
layer by heat treating it in a temperature range of 470 

to 600°C to obtain hot dip galvannealed steel sheet. In 
particular, in the present invention, by alloying, it is 
5 possible to control the Fe concentration in the plating 

layer to for example 7 to 15 mass%. 

Further, in the present invention, to improve the 
corrosion resistance and workability, the hot dip 
galvanized steel sheet or hot dip galvannealed steel 
10 sheet produced by the above process may be treated on its 

surface by one or more of chromate treatment, inorganic 
film coating, chemical conversion, or resin film coating. 
Example 1 

Steel slabs obtained by melting and casting steel 
15 having the compositions of ingredients shown in Table 1 

in a vacuum melting furnace were reheated at 1200°C, then 

hot rolled at a temperature of 880°C and finally rolled to 
produce hot rolled steel sheets. These were then cooled, 

coiled at a coiling temperature of 600°C, and held at that 
20 temperature for 1 hour for coiling heat treatment. The 

obtained hot rolled steel sheets were ground to remove 
the scale, cold rolled by a 70% reduction rate, then 

heated to a temperature of 770°C using a continuous 
annealing simulator, then held at that temperature for 74 
25 seconds for continuous annealing. Next, the sheets were 

cooled by 10°C/s to 450°C and were processed by two 
methods of production, that is, the conventional method 
and the invention method, to produce galvanized steel 
sheets . 

30 (1) Conventional method 

After cooling to 450°C, the sheets were hot dip 
galvanized and further were hot dip galvannealed at a 
temperature of 500°C without pickling or pre-plating, were 
cooled to ordinary temperature, then were 1% temper 
35 rolled to obtain the final products. The mechanical 

properties, metal structures, hole expandabilities, 
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plating adhesions, and other various characteristics of 
the products are shown in Table 2 (method of production 

i) ) - 

(2) Method of present invention 

5 After cooling to 450°C, the sheets were held at a 

temperature of 400°C for 180 seconds for overaging, then 
cooled to the martensite transformation point or less, 
pickled by 5% hydrochloric acid, pre-plated with Ni to 
0.5 g/m 2 per side of the sheet, heated to a temperature of 

10 500°C, hot dip galvanized and further hot dip 

galvannealed, cooled to ordinary temperature, then 1% 
temper rolled to obtain the final products. The 
mechanical properties, metal structures, hole 
expandabilities, plating adhesions, and other various 
15 characteristics of the products are shown in Table 3 

(method of production ii) ) . 

Note that the test and analysis methods of the 
tensile strength (TS) , hole expansion rate, metal 
structure, residual austenite, tempered martensite, 
20 plating adhesion, and plating appearance shown in Table 2 

and Table 3 were as follows: 

Tensile strength: Evaluated by L-direction tension 
of JIS No. 5 tensile test piece. 

A TS of 540 MPa or more and a product of TSxEl (%) 
25 of 18,000 MPa or more was deemed passing. 

Hole expansion rate: Japan Iron and Steel Federation 
standard, JFS T1001-1996 

The hole expansion test method was employed. A 10 mm<|> 
punched hole (die inside diameter of 10.3 mm, clearance 

30 of 12.5%) was expanded by a 60° vertex conical punch in 

the direction with the burr of the punched hole at the 
outside at a rate of 20 mm/min. 

Hole expansion rate: X (%) = {D-Do} x 100 
D: Hole diameter when crack passes through sheet 
35 thickness (mm) 

Do: Initial hole diameter (mm) 
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A hole expansion rate of 50% or more was deemed 
passing . 

Metal structure: Observed under optical microscope, 
residual austenite rate measured by X-ray diffraction, 
5 Ferrite observed by Nital etching and martensite by 

repeller etching. 

Tempered martensite rate: Tempered martensite was 
quantized by polishing a sample by repeller etching 
(alumina finish) , immersing it in a corrosive solution 
10 (mixed solution of pure water, sodium pyrophosphate, 

ethyl alcohol, and picric acid) for 10 seconds, then 
again polishing it, rinsing it, then drying the sample by 
cold air. The structure of the dried sample was observed 

under a magnification of 1000X and a 100 jxm x 100 Jim area 
15 was measured by a Luzex apparatus to determine the area% 

of the tempered martensite. Table 2 and Table 3 show the 

area percent of this tempered martensite as the "tempered 

martensite area%" . 

Residual austenite rate: A test sheet was chemically 
20 polished to 1/4 thickness from its surface. The residual 

austenite was quantified from the integrated strength of 

the (200) and (210) planes of the ferrite by the MoKa- 
rays and the integrated strength of the (200) , (220) , and 
(311) planes of the austenite. A residual austenite rate 
25 of 5% or more was deemed "good". Table 2 and Table 3 show 

this residual austenite volume percent as the "residual y 
vol%" . 

Plating adhesion: Evaluated from state of plating 

peeling of bent part in 60°V bending test. 
30 Very good: Small plating peeling (peeling width less 

than 3 mm) 

Good: Light peeling of extent not posing practical 
problem (peeling width of 3 mm to less than 7 mm) 

Fair: Considerable amount of peeling observed 
35 (peeling width of 7 mm to less than 10 mm) 

Poor: Extreme peeling (peeling width of 10 mm or 



more) 

A plating adhesion of "very good" or "good" was 

deemed passing. 

Plating appearance: Visual observation 

Very good: No nonplating or unevenness, even 

appearance 

Good: No nonplating, uneven appearance of extent not 
posing practical problem 

Fair: Remarkable uneven appearance 

Poor: Nonplating and remarkable uneven appearance 
A plating appearance of "very good" or "good" was 
deemed passing. 



- 17 - 



4-> 
C 

<D 

e 

<L> 
i— I 
<D 

CD 
> 
-H 

-U 
U 

cu 

rH 
O 
CO 



•—I 
rQ 

m 



to 
to 

<0 
I— I 

o 



CQ 



■H 
H 



55 



>h 
O 



-H 



0 

u 



o 
a 



CO 



2 



•H 
CO 



<u 



(1) 



CO +* 



CP 

c 

to 

V4 



> 



CP 

C 

tO 



> 



o 
o 
o 



CM 
O 
O 
O 



o 
o 

CO 

o 



o 

CM 
CM 
O 



O 
O 
O 



CM 
O 
O 
O 



00 

o 
o 



CM 

o 
o 
o 



Cp 
c 

iH 



> 
c 



IT) 

o 
o 
o 



CM 
O 
O 
O 



a> 

c 
as 
u 



> 



CP 



> 



CM 
O 



O 
CO 
CM 
O 



O 
O 
O 



CM 
O 
O 
O 



O 
O 
O 



CM 
O 
O 
O 



O 
O 

o 



CM 
O 
O 
O 



O 
O 
O 



CM 
O 
O 
O 



CM 
O 
O 
O 



CM 
O 
O 
O 



CM 
O 
O 
O 



O 

o 
o 



CM 

o 
o 



in 
m 



o 

t-H 

o 
o 



CM 
CM 
O 



VO 
i— » 
O 

O 



o 

CO 

o 



o 
o 
o 



CM 

o 
o 



CP 
CP 
O 



cr> 

CM 
CO 



o 

t-H 

o 



co 
o 
o 



CM 



o 
o 
o 



CO 

o 
o 



o 



cp 



CO 
CO 

o 



CM 

m 
m 



o 
i — i 
o 

o 



r— 
o 
o 



o 

CO 
CM 



CP 
VO 

o 



CO 
CTi 

o 



o 
o 
o 



o 
o 

CM 



O 

o 



in 
co 

CM 



o 
m 



CM 

o 
o 



o 

CO 

o 



CTi 
CM 



CM 

m 
o 



cp 
o 



o 
o 
o 



CM 
O 
O 
O 



CM 
O 
O 
O 



CM 
O 
O 
O 



O 

o 

oo 



CM 

o 
o 
o 



CP 

a 
u 



> 
n 



vo 
o 
o 
o 



CM 
O 
O 
O 



CM 

o 
o 
o 



o 
o 



CM 

o 
o 
o 



a> 
CP 

c 
fd 
u 



> 



a) 

CP 

c 
JH 



c 



0) 
CP 

c 



> 
c: 



CP 

c 



> 



o 
o 
o 



CM 
O 
O 
O 



O 

o 
o 



o 

CM 
CM 
O 



O 



CM 
O 
O 
O 



CM 
O 
O 
O 



O 

o 
o 



o 

CO 

o 



o 
o 
o 



CO 

o 
o 



o 
m 
o 



CM 

m 
oo 



o 

t-H 

o 
o 



CM 

o 
o 



vo 
m 

CM 



vo 

CM 

o 



CO 
CO 



o 
o 
o 



CM 

o 
o 
o 



o 
o 



00 



o 
o 
o 



CM 

o 
o 
o 



CM 
O 

o 



o 
o 
o 



CM 
O 
O 
O 



O 

o 
o 



o 

CO 
CM 

o 



o 
m 

CM 

o 



CM 

o 
o 
o 



CM 

o 
o 
o 



in 
oo 



CO 
t-H 

o 
o 



o 
o 



o 

CD 



oo 



*3* 

o 
m 



CM 
t-H 

o 



o 
o 



m 
co 



CTi 



CM 

o 



CO 



o 
o 
o 



m 
o 
o 



o 
o 
ro 



rH 

o 



CO 
CM 
O 



CM 
O 



CM 



CM 
O 



m 
cn 



o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 



CM 

o 



o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 
O 

o 
o 



CM 
O 
O 
O 



O 
CM 
CP 



CP 

c 
u 



> 



in 
o 
o 
o 



CM 

o 
o 
o 



o 

CO 

ro 
o 



o 

CM 

o 



a) 

Cn 

c 
u 



> 
c 



CP 

c 



> 



o 
o 
o 



CM 
O 
O 
O 



CM 

o 
o 
o 



o 
o 



o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 
O 
O 



O 
CO 



CTi 
rH 
O 

O 



r- 

CM 

o 



CO 

ro 



oo 
CM 



O 



CM 
O 

ro 



o 
o 



r* 

rH 
O 



CM 

to 

CM 



O 
O 



O 
O 
O 



CM 
O 
O 



00 
CP 



o 
o 
ro 



co 



o 
cn 



o 
o 



vo 
o 
o 



m 



O 



CP 
CM 
CM 



O 
O 
O 



CM 

o 
o 
o 



CM 

o 
o 
o 



CO 

o 
o 



o 



vo 
in 
vo 



rH 
O 

O 



o 
o 



oo 
cr» 



o 
o 
o 



CM 

o 
o 
o 



o 
oo 
r- 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CP 

c 

U 



> 



in 
o 
o 
o 



o 

CM 

o 



o 
in 

CM 
O 



O 

ro 

CM 
O 



0) 

CP 

C! 

<u 
u 



> 



in 
o 



m 

CM 



O 
O 

o 



CM 
O 
O 
O 



O 
t-H 

o 



O 



00 
00 

co 



CM 
O 

o 



CM 
O 
O 



00 

m 



o 



o 
o 
o 



CM 
O 
O 
O 



CM 
O 
O 
O 



CM 
O 
O 



CO 
CM 



O 
O 
O 



O 

o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



<D 
CP 

c 
to 
u 



> 



m 
o 
o 
o 



o 

CM 
CM 

o 



CM 

o 
o 
o 



o 
r- 

CM 

o 



CM 

o 
o 
o 



o 
o 
o 



CM 

o 
o 
o 



CO 

o 
o 



in 

CM 



CM 
rH 
CTi 

o 



o 
o 



o 
o 



m 



CP 



CM 

o 



to 

CM 

o 



t— I 
o 



VO 



CO 
rH 

o 



o 
o 
o 

o 



CM 

o 
o 
o 



CM 

o 
o 



00 
CP 

o 



o 
m 

00 



in 

rH 

o 
o 



CM 
CM 

o 



CO 
CP 



oo 
in 



£ 

o 
o 



o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



0) 



o 



in 
o 
o 
o 



CM 

o 
o 
o 



o 

CP 
CM 

o 



o 
ro 
ro 
o 



o 
o 



o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



o 
o 

CO 
CO 



o 
o 
o 



CO 

o 
o 



o 

00 

o 



00 

o 
m 



o 

rH 

o 
o 



o 

CM 

o 



o 

00 



o 
o 
o 



CM 

o 
o 
o 

o 



CM 

o 
o 
o 



o 
o 



CM 



o 
o 
o 



CM 

o 
o 
o 

o 



o 
o 
o 



o 
o 



o 



o 
r- 
o 



o 

CM 

o 



o 

CM 

o 



o 
o 

CM 



o 
o 



vo 

CM 



oo 

00 
CM 



CP 
CM 



o 
o 
ro 



CO 

r- 
o 



CM 
ro 



vo 

CP 
CD 



o 

t-H 

o 
o 



o 

CM 

o 



o 
vo 



o 

CM 

ro 



00 

ro 



o 
o 



o 
o 
o 



CM 

o 
o 
o 



o 
o 

CO 
CO 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 

o 



CM 

o 
o 
o 



o 
o 



o 
vo 
o 



vo 
r- 



o 

CM 

o 



o 
ro 
o 



o 



o 

CM 



o 



00 

ro 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



0) 



& 

o 
u 



o 
o 
o 

o 



o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



o 
o 



o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



CM 

o 
o 
o 



o 
o 
o 



CM 

o 
o 
o 



ro 
o 
o 



«5T 

CO 



CM 

o 
r- 



CM 
CM 

o 



m 

rH 

o 
o 



o 

CM 

co 



o 

CD 



o 
o 
o 

o 



CM 

o 
o 
o 



o 
o 



o 

00 

o 



m 

CD 



o 
o 
o 



CM 

o 
o 
o 

o 



o 
o 
o 



CM 

o 
o 



o 
o 



X 



i 

o 
o 



in 
o 
o 
o 



CM 

o 
o 
o 



o 

CD 
CM 

o 



o 
ro 

CM 

o 



CM 

o 
o 
o 



X 
<D 



o 



m 
o 
o 
o 



o 

CM 

o 



CM 

o 
o 
o 



o 
vo 

CM 

o 



CP 
CM 



rH 

o 



o 

CM 

o 



o 
ro 
o 



o 



o 
o 



ro 



CO 

o 

CP 



o 

CM 

o 



o 
ro 
o 



CM 
CM 

CM 



o 

CO 



o 
o 
o 



CM 

o 
o 
o 



ro 
o 
o 



in 

CM 

o 



CO 

m 



o 

CM 

o 



o 
ro 
o 



o 



o 
o 
o 



CM 

o 
o 
o 

o 



CM 

o 
o 
o 



o 
o 



o 

CM 

ro 



CM 

rH 

vo 
o 



o 

CM 

o 



o 
ro 
o 



CM 

o 

CM 



o 



r- 



CM 



m 
m 



a 



0£ 



CO 



X 



- 18 - 



to 

CO 

fd 

r-i 
U 



Cn 



(0 



<u 
u 



CD 



cd 



a- 

o 
o 



TJ 
O 
O 
C7» 

>1 
u 

CD 

> 



x 



o 
u 



T> 
O 
O 
O 



CD 



e 

o 
u 



T> 
O 
O 
Cn 

>i 
> 



cd 



a, 
B 
o 

CJ 



•a 
o 
o 
Cn 

>1 
u 
cd 
> 



x 

cd 



a. 

o 
u 



TS 
O 
O 
Cn 

>• 

n 

cd 
> 



x 
cu 



o 
u 



T5 
O 
O 
O 



CD 



O 

u 



TJ 
O 
O 
Cn 

>• 

0) 

> 



CD 



a 
B 
o 
u 



•a 
o 
o 



a> 



o 
u 



73 
O 
O 
Cn 

>i 
Jh 
CD 
> 



<D 



o 
u 



TJ 
O 
O 



CD 



ft 

O 
U 



TJ 
O 
O 

CD 
> 



CD 



a 
B 
O 

o 



TJ 
O 
O 
Cn 

>. 
U 

CD 
> 



X 
CD 



O 

o 



tj 
o 
o 

Cn 

>t 
U 
CD 
> 



X 
CD 



o 



TJ 
O 
O 
Cn 

>. 

u 

CD 
> 



CD 



8" 

O 

u 



o 
o 

Cn 

CD 
> 



CD 



t 

O 
CJ 



tj 
o 
o 

Cn 

>t 
U 
CD 
> 



CD 



CU 

B 
O 

o 



TJ 

o 
o 

Cn 

>i 
J-l 
CD 
> 



X 

CD 



a 

e 

o 
o 



TJ 
O 
O 
O 



X 
CD 



a 

B 
o 
u 



u 
o 

O 

CU 



X 
CD 



O 

u 



TJ 
O 
O 
Cn 

>i 
U 
CD 
> 



X 
CD 



O 

o 



o 
o 



X 

CD 



a 
e 
o 
o 



T3 
O 
O 
Cn 

>, 
U 

CD 
> 



X 
CD 



a 

B 
O 

o 



-H 



X 
CD 



a 

B 
o 
a 



tj 
o 
o 
o 



X 
CD 



a 
B 
o 
o 



u 

-H 
f0 

tn 



E? o 

CD 



CU 



tj 
o 
o 

Cn 

>i 
H 
CD 
> 



U 

-H 

m 

tn 



TJ 
O 
O 
C" 

>, 
U 
CD 
> 



TJ 
O 
O 
Cn 

>* 
U 
CD 
> 



TJ 
O 
O 
C" 

>, 
U 
CD 
> 



U 

-H 

In 



TJ 
o 

O 
Cn 

>i 
u 

CD 
> 



M 
•H 



TJ 
O 
O 
CD 



■H 
TJ 
Cu 



TJ 
O 
O 
Cn 

>i 
n 

CD 
> 



TJ 
O 
O 
Cn 

>i 
u 

CD 
> 



T3 
O 
O 
CD 



TJ 
O 
O 

C3 



TJ 
O 
O 
Cn 

>i 
W 
CD 
> 



TJ 
O 
O 



TJ 
O 
O 
O 



M 

-H 

tX4 



M 
O 
O 



T3 
O 
O 
O 



u 

-H 
<0 
Cn 



TJ 
O 
O 
Cn 

>1 

M 
CD 
> 



J-l 
O 

o 

Pui 



U 

-H 

tn 



J-r 
-H 

tn 



CD 

O 



o 

Is- 

a u 
x 

CD 



CM 

m 



o 
m 



o 
m 



si 



CN 

m 



CM 

tn 



o 
in 



°l 



o 
m 



m 



o 
m 



in 



m 



o 

CO 



CD 
"3" 



m 



CM 



in 



in 



m 



CD 
4-> 
•H 

CO 

C 

CD 
4-> 

H 

£ 

TJ 
CD 
M 
CD 

8- 

CD 



*0 
CD 
U 
f0 



O 
VI 



O 
VI 



o 

VI 



o 

VI 



o 
VI 



o 
VI 



o 
VI 



O 
VI 



o 

VI 



o 

VI 



o 

VI 



o 
VI 



o 

VI 



O 
VI 



o 

VI 



o 

VI 



o 

VJ 



o 

VI 



o 

VI 



o 

VI 



o 

VI 



o 

VI 



o 

VI 



o 

VI 



o 

VI 



0) 
I — I 

XI 
E-» 



I— I — ' 

td 

TJ B 

-H 3 

« <H 

CD O 

OS > 



t-3 

u 

X 

CO 



oo 



cn 



in 



m 



CM 
CTi 



in 



CM 



m 



CM 



CO 

■ 



cn 

m 

cn 



cn 



CM 

m 



in 

CM 



CM 



CM 



m 

CM 



in 



CM 



CO 



CM 



ml 



cn 



in 



m 



CM I 



CO 



CM 



O 

o 

cn 



r- 
n 

cn 



CO 

co 
cn 



O 
in 
cn 
cn 



O 
p- 
in 
o 

CM 



co 
co 

CM 



O 

o 
r- 

CM 



O 
O 

cn 
co 



o 
co 
cn 
t— I 
CM 



CM 
CO 



CM 



00 
CM 

cn 



in 

CO 

cn 



CM 
CM 

cn 



o 
r- 
\o 
o 

CM 



in 
co 
o 

CM 



o 
cn 



CM 



CO 

cn 
m 
co 



in 
o 
i— i 
in 



o 
co 
co 

CM 



CO 
CO 



CM 

cn 
m 



co 
m 
m 



CM 

cn 



o 
m 
in 
co 



m 

CM 
CM 



dp 



•J 
to 



<XJ 
Cm 

S 



CD 
Eh 



CD 

a 
>1 

4-> 



CD 
CD 
4-> 



CO 



CO 
CO 



CO 
CO 



o 

CO 



CO 



CO 



in 

CO 



o 

CO 



CO 



CO 



CO 
CM 



cn 

CM 



CM 



CM 



co 

CO 



CM 



CM 



cn 



o 

CM 



10 

CM 



cn 



CO 



CO 
CM 



m 

CO 



m 

CM 



CM 

m 



o 
cn 
m 



co 
o 



vo 



r- 
o 
vo 



co 
co 
vo 



CM 

vo 



CM 
CO 

vo 



vo 
vo 



m 

CM 

vo 



CM 

o 
r- 



vo 
co 
vo 



i— i 



vo 
cn 
r- 



CO 

vo 



vo 

CO 



m 

CM 

in 



vo 
cn 



cn 

VO 



m 
m 



o 
r- 



CM 
O 

in 



vo 



CO 

in 



cn 
vo 



CQ 



tn 



o 



0C 



CO 



4-» 

c 

CD 

B 



CD 
X 

to 



CM 



CO 



in 



vo 



co 



cn 



CM 



co 



in 



vo 



co 



cn 



o 

CM 



CM 



CM 
CM 



CO 
CM 



«3» 

CM 



m 

CM 



- 19 - 



CO 

to 

<TJ 



CP 
C 

-H 

CO 



CD 
U 
C 
«J 

*-l 

0) 

a 
a 



c 

•H 

--i 
a* 



CP 



CO 



c 
o 

•H 

to 
c 

X 
<D 



CD 



X 
Q> 



> 



O 
O 
CP 

>i 
V-l 

> 



TJ 
O 
O 
CP 

>1 
> 



vo 



0) 



> 
c 



TJ 
O 
O 
CP 

>i 
V-l 

a) 
> 



TJ 
O 
O 
O 



o 
vo 



CD 



> 
c 



TJ 
O 
O 
CP 

>i 
V-l 

> 



TJ 
O 
O 
CP 

>, 

CD 
> 



vo 



CD 



> 
C 



TJ 
O 
O 
CP 

>1 
u 

CD 
> 



T3 
O 
O 
CP 

>i 

cd 
> 



o 
vo 



CD 



> 



TJ 
O 
O 
CP 

>1 
v-i 
(1) 
> 



•a 
o 
o 

CP 

u 

CD 
> 



co 
vo 



CD 



> 
C 



tj 
o 
o 

CP 

>1 

CD 
> 



TJ 
O 
O 



CM 
VD 



X 
CD 



> 

a 



TJ 
O 
O 
CP 

>1 
n 

CD 
> 



TJ 
O 
O 
CP 

>i 
M 
CD 
> 



VD 



X 



> 
C 



TJ 
O 
O 
CP 

>i 
V-i 
CD 
> 



TJ 
O 
O 
CD 



O 



CD 



> 

c 



TJ 
O 
O 
CP 

>i 

V-i 
CD 
> 



TJ 
O 
O 
CP 

>i 

u 

CD 
> 



O 

vo 



X 
CD 



> 
C 



TJ 
O 
O 
CP 

>* 
U 
Q> 
> 



TJ 
O 

o 
o 



CM 
VO 



CD 



> 



TJ 
O 
O 
CP 

M 
CD 
> 



TJ 
O 
O 
CP 

>i 
U 
CD 
> 



ao 
tn 



X 
CD 



> 

c 



TJ 
O 
O 
CP 

u 

CD 
> 



TJ 
O 
O 
CP 

>1 
u 

CD 
> 



00 

m 



X 
0) 



> 



TJ 
O 
O 
CP 

>i 
V-l 
CD 
> 



TJ 
O 
O 
CP 

>i 
U 

CD 
> 



03 
IT) 



X 
CD 



> 



TJ 
O 
O 
tP 

>i 
M 
CD 
> 



TJ 
O 
O 
CP 

V-l 

CD 
> 



vo 
m 



CD 



> 



TJ 
O 
O 
CP 

>i 

u 

CD 
> 



TJ 
O 
O 
CP 

>1 

J-l 

CD 
> 



o 

VD 



CD 



> 



TJ 
O 
O 
CP 

>i 
M 
CD 
> 



TJ 
O 
O 

en 
v-i 

CD 
> 



VD 

in 



x 

CD 



& 

O 

u 



TJ 
O 
O 
CP 

>1 
u 

CD 
> 



TJ 
O 
O 
CP 

>i 

w 

CD 
> 



in 
in 



x 

CD 



O 

a 



TJ 

o 
o 

CP 

>i 

U 
CD 
> 



TJ 
O 

o 



oo 

CO 



X 
CD 



a 
e 
o 
u 



TJ 
O 
O 



TJ 
O 
O 
O 



O 
VO 



X 
CD 



e 

o 
u 



TJ 
O 
O 
CP 

>i 

CD 
> 



TJ 
O 
O 
CP 

>i 
V-l 
CD 
> 



in 
in 



x 

CD 



a 

& 
o 
o 



TJ 
O 
O 



TJ 
O 
O 

a 



r- 

CM 



X 
CD 



O 

o 



TJ 
O 
O 
CP 

>t 

CD 
> 



TJ 
O 
O 
CP 

>1 
u 

CD 
> 



X 
CD 



o 

CJ 



X 
CD 



o 



CD 



O 

u 



TJ 
O 
O 
O 



TJ 
O 
O 



TJ 
O 
O 



TJ 
O 
O 
O 



TJ 
O 
O 
O 



TJ 
O 
O 



CM 
VD 



in 

VD 



00 

vo 



in 



CD 
4-J 
■H 

CO 

c 

CD _ 
4-» 
M 



TJ 
CD 
V-l 
CD 

% 

CD 



CO 
CD 
V-l 



ro 



m 



CM 



vo 



m 



co 



vo 



CO 



vo 



CM 



vo 



CP 



VD 



in 



co 



in 



m 



vo 



vo 



CP 



CO 



m 



VD 



CD 
VD 



CM 
CO 



CM 

o 



I— I 
JQ 
03 
Eh 



cd 

TJ £ 

•H 3 

W r-i 



t-3 

X 
CO 



* 

CP 



m 
oo 



o 



* 

in 



CP 

» 

CP 



in 

CM 



CP 



m 



in 



CM 



00 



m 



CP 



in 



m 



co 



co 



m 

CM 



CO 



CM 



CP 



CM 



CP 



VD 



VO 



^Ol 



in 



CM 



CT> 



CM 



OO 

oo 

CO 

o 

CM 



VD 
00 
•H 
O 
CM 



CP 

CM 
O 
CM 



CP 



CO 



CM 



r- 

CP 

co 
i— i 

CM 



O 
CP 
H 
CM 



CP 

tH 
CO 
CM 



00 

m 
vo 

CP 



in 

co 

CM 
CM 



r- 

VD 
CM 
CM 



CP 

r- 
co 
o 

CM 



CM 
O 
CM 



O 

r- 
m 
o 

CM 



00 

in 
«— i 

CM 



O 
CP 
CM 
tH 
CM 



r- 
co 
vo 

CM 
CM 



CM 

m 



o 

CP 
CO 

m 



CP 

o 

CM 
CO 



CO 
00 
00 
CO 



r- 

00 
00 



m 
o 

VD 
vo 



in 

CM 

oo 



CM 

i-» 

CP 

oo 



CM 
VO 



•J 



(0 
O-i 



to 



CD 

a 
>i 

4-> 



CD 
CD 
4J 
CO 



CO 



VO 
CO 



m 
co 



co 
co 



co 



vo 
co 



CP 

co 



CM 

co 



vo 

CO 



CO 



o 

CO 



CO 



o 

CO 



00 
CM 



in 

CO 



CP 
CM 



00 
CM 



o 

CM 



CM 
CM 



00 
CM 



O 
CM 



CO 



o 

CO 



r- 
co 



CM 



m 
in 



vo 
vo 
in 



CP 



m 



vo 
vo 



CO 
CO 

in 



oo 
o 
vo 



CM 
O 
VO 



r- 
o 
vo 



o 

CM 
VO 



VO 

o 
vo 



r- 
vo 



CP 

m 
vo 



co 

CP 
VD 



VO 

r- 



<p 
o 
vo 



CM 
CP 

r- 



o 
m 



VO 



o 
o 
vo 



CP 



CP 
CO 



r- 
oo 



CP 
CO 

m 



o 

t-H 

m 



o 
vo 



CQ 



On 



CO 



c 

CD 

& 
-H 
V-l 
CD 

a, 

X 

w 



CM 



CO 



in 



vo 



oo 



CP 



CM 



co 



m 



vo 



oo 



CP 



o 

CM 



CM 



CM 
CM 



CO 
CM 



CM 



m 

CM 



- 20 - 

Example 2 

Steel slabs obtained by melting and casting the 
steels of A, I, and P of the range of ingredients of the 
present invention described in Table 1 were reheated to 

5 1200°C, then hot rolled at a temperature of 880°C for 

final rolling to obtain hot rolled steel sheets. The 

steel sheets were coiled at a coiling temperature of 600°C 
and held at that temperature for 1 hour for coiling heat 
treatment. The obtained hot rolled steel sheets were 
10 descaled by grinding and cold rolled by a reduction rate 

of 70%, then heated to a temperature of 770°C using a 
continuous annealing simulator and held at that 
temperature for 74 seconds for continuous annealing, 

cooled by 10°C/s to 450°C, then overaged by being held at 

15 a temperature of 400°C for 180 seconds, then cooled to the 

martensite transformation point or less. These steel 
sheets were subjected to the following five types of 
experiments : 

Experiment 1 (invention example) : pickling by 5% 

*\ 

20 hydrochloric acid, Ni pre-plating to 0.5 g/m 

Experiment 2 (invention example) : no pickling, Ni 
pre-plating to 0.5 g/m 

Experiment 3 (comparative example) : pickling by 5% 
hydrochloric acid, Ni pre-plating to 0.005 g/m 
25 Experiment 4 (comparative example) : pickling by 5% 

hydrochloric acid, no Ni pre-plating 

Experiment 5 (invention example) : no pickling, no Ni 
pre-plating 

After this, the sheets were brush ground 
30 corresponding to surface cleaning at the inlet side of 

the continuous hot dip galvanization line, then heated to 

a temperature of 500°C for hot dip galvanization and 
further hot dip galvannealing, cooled to ordinary 
temperature, then 1% temper rolled to obtain the final 
35 products. The characteristics of the plating adhesions 

and plating appearances of the products are shown in 
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Table 4 . 

Table 4 /differences in pickling and pre-plating 
conditions 

5 



Experiment no. 


Steel type 


Plating adhesion 


Plating appearance 


Class 


I m 


A 


Very good 


Very good 


Inv. ex. 


12] 


A 


Very good 


Good 


Inv, ex. 


[3] 


A 


Fair 


Fair 


Comp . ex . 


[4] 


A 


Fair 


Poor 


Comp. ex. 


[5] 


A 


Very good 


Good 


Inv. ex. 


[1] 




Very good 


Very good 


Inv. ex. 


[2] 




Very good 


Good 


Inv. ex. 


1 [33 




Fair 


Poor 


Comp . ex . 


! [43 




Poor 


Poor 


Comp . ex . 


[53 




Good 


Good 


Inv. ex. 


[11 


P 


Very good 


Very good 


Inv. ex. 


[2J 


P 


Very good 


Good 


Inv. ex. 


[31 


P 


Fair 


Poor 


Comp. ex. 


14} 


P 


Poor 


Poor 


Comp . ex . 


15) 


P 


Good 


Good 


Inv. ex. 



In Example 1, the invention examples of Table 3 are 



improved in hole expandability due to the increase in 
tempered martensite compared with the comparative 
examples of the same experiment numbers of Table 2. In 

10 addition, the pickling and pre-plating improve the 

plating adhesion and plating appearance. The comparative 
examples of Table 3 are improved in plating adhesion and 
plating appearance by the pickling and pre-plating, but 
the ingredients are outside the scope of the present 

15 invention, so the TS, TSxEl, and hole expansion rate do 

not reach the passing values. 

In the differences of pickling and pre-plating 
conditions of Example 2, from Experiment 1, Experiment 2, 
and Experiment 5, pre-plating greatly improves the 

20 plating adhesion and plating appearance and, further, 

pickling is preferably performed before pre-plating. From 
Experiment 3, if the amount of pre-plating is small, 
there is no effect. From Experiment 4, with just 
pickling, the properties conversely deteriorate. The 

25 reason why with just pickling, conversely the plating 

adhesion and plating appearance deteriorate is that the 
surface is overly activated and is heated by the heating 
process of the continuous hot dip galvanization in that 
state, so oxides of Si, Mn, etc. of the steel sheet are 
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formed at the steel sheet surface and degrade the 
platability . 

Example 3 

Steel slabs obtained by melting and casting steel 
5 having the compositions of ingredients shown in Table 5 

in a vacuum melting furnace were reheated at 1200°C, then 

hot rolled at a temperature of 880°C and finally rolled to 
produce hot rolled steel sheets. These were then cooled, 

coiled at a coiling temperature of 600°C, and held at that 
10 temperature for 1 hour for coiling heat treatment. The 

obtained hot rolled steel sheets were ground to remove 
the scale, cold rolled by a 70% reduction rate, then 

heated to a temperature of 770°C using a continuous 
annealing simulator, then held at that temperature for 74 
15 seconds for continuous annealing. Next, the sheets were 

cooled by 10°C/s to 450°C and were processed by two 
methods of production, that is, the conventional method 
and the invention method, to produce galvanized steel 
sheets . 

20 (1) Conventional method 

After cooling to 450°C, the sheets were hot dip 
galvanized and further were hot dip galvannealed at a 

temperature of 500°C without pickling or pre-plating, were 
cooled to ordinary temperature, then were 1% temper 
25 rolled to obtain the final products. The mechanical 

properties, metal structures, hole expandabilities, 
plating adhesions, and other various characteristics of 
the products are shown in Table 6 (method of production 
i) ) . 

30 (2) Method of present invention 

After cooling to 450°C, the sheets were held at a 

temperature of 400°C for 180 seconds for overaging, then 
cooled to the martensite transformation point or less, 
pickled by 5% hydrochloric acid, pre-plated with Ni to 
35 0.5 g/m 2 per side of the sheet, heated to a temperature of 
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500°C / hot dip galvanized and further hot dip 
galvannealed, cooled to ordinary temperature, then 1% 
temper rolled to obtain the final products. The 
mechanical properties, metal structures, hole 
5 expandabilities, plating adhesions, and other various 

characteristics of the products are shown in Table 7 
(method of production ii) ) . 

Note that the test and analysis methods of the 
tensile strength (TS) , hole expansion rate, metal 
10 structure, residual austenite, tempered martensite, 

plating adhesion, and plating appearance shown in Table 6 
and Table 7 were as follows: 

Tensile strength: Evaluated by L-direction tension 
of JIS No. 5 tensile test piece. 
15 A TS of 540 MPa or more and a product of TSxEl (%) 

of 18,000 MPa or more was deemed passing. 

Hole expansion rate: Japan Iron and Steel Federation 
standard, JFS T1001-1996 

The hole expansion test method was employed. A 10 mm<|> 
20 punched hole (die inside diameter of 10.3 mm, clearance 

of 12.5%) was expanded by a 60° vertex conical punch in 
the direction with the burr of the punched hole at the 
outside at a rate of 20 mm/min. 

Hole expansion rate: X (%) = {D-Do} x 100 
25 D: Hole diameter when crack passes through sheet 

thickness (mm) 

Do: Initial hole diameter (mm) 

A hole expansion rate of 50% or more was deemed 
passing. 

30 • Metal structure: Observed under optical microscope, 

residual austenite rate measured by X-ray diffraction. 

Ferrite observed by Nital etching and martensite by 

repeller etching. 

Tempered martensite rate: Tempered martensite was 
35 quantized by polishing a sample by repeller etching 

(alumina finish) , immersing it in a corrosive solution 
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(mixed solution of pure water, sodium pyrophosphite, 
ethyl alcohol, and picric acid) for 10 seconds, then 
again polishing it, rinsing it, then drying the sample by 
cold air. The structure of the dried sample was observed 

5 under a magnification of 1000X and a 100 ^m x 100 |im area 

was measured by a Luzex apparatus to determine the area% 
of the tempered martensite. Table 6 and Table 7 show the 
area percent of this tempered martensite as the "tempered 
martensite area%" . 
10 ■ Residual austenite rate: A test sheet was chemically 

polished to 1/4 thickness from its surface. The residual 
austenite was quantified from the integrated strength of 

the (200) and (210) planes of the ferrite by the MoKa- 
rays and the integrated strength of the (200), (220), and 
15 (311) planes of the austenite. A residual austenite rate 

of 5% or more was deemed "good". Table 6 and Table 7 show 

this residual austenite volume percent as the "residual y 
vol%". 

Plating adhesion: Evaluated from state of plating 

20 peeling of bent part in 60°V bending test. 

Very good: Small plating peeling (peeling width less 
than 3 mm) 

Good: Light peeling of extent not posing practical 
problem (peeling width of 3 mm to less than 7 mm) 
25 Fair: Considerable amount of peeling observed 

(peeling width of 7 mm to less than 10 mm) 

Poor: Extreme peeling (peeling width of 10 mm or 

more) 

A plating adhesion of very good or good was deemed 
30 passing. 

Plating appearance: Visual observation 
Very good: Even appearance with no nonplating or 
unevenness 

Good: No nonplating and uneven appearance of an 
35 extent not posing practical problem 

Fair: Remarkable uneven appearance 
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Poor: Nonplating and remarkable uneven appearance 
A plating appearance of "very good" or "good" was 
deemed passing. 
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Table 6/method of production i) 



no. 


type 


mo 
1 D 

(MPa) 


ITT. 
(%) 


TSxEL 


Res . y 
vol . 

/ Q_ \ 
I*) 


Temp, 
mart . 
area \ is i 


Hole 
expan- 
sion 

SI +" A 

Id ic 
(%) 


Plat inn 

t ^ cl J- * i y 

adhesion 


Pi ahi n ri 

appear . 


Class 


1 


A 


601 


35 


21035 


9.5 


£0.1 


55 


Fair 


Fair 


Comp. 


ex . 


2 


B 


666 


33 


21978 


7.5 


£0.1 


52 


Fair 


Fair 


Comp . 


ex . 


3 


C 


768 


30 


23040 


11.4 


£0.1 


48 


Fair 


Poor 


Comp . 


ex . 


4 


D 


770 


26 


20020 


7.2 


£0.1 


45 


Good 


Good 


Comp . 


ex . 


5 


E 


813 


27 


21951 


7.3 


£0.1 


45 


Good 


Good 


Comp. 


ex . 


6 


F 


807 


25 


20175 


7.9 


£0.1 


43 


Good 


Good 


Comp . 


ex . 


7 


G 


795 


26 


20670 


8.1 


£0.1 


45 


Fair 


Fair 


Comp . 


ex . 


8 


H 


827 


28 


23156 


13.5 


£0.1 


46 


Good 


Fair 


Comp . 


ex . 


9 


I 


845 


27 


22815 


12.7 


<0.1 


46 


Poor 


Poor 


Comp . 


ex . 


10 


J 


874 


22 


19228 


7.1 


£0.1 


41 


Good 


Good 


Comp . 


ex . 


11 


K 


856 


26 


22256 


10.0 


£0.1 


45 


Fair 


Fair 


Comp . 


ex . 


12 


L 


954 


21 


20034 


7.2 


£0.1 


41 


Good 


Good 


comp . 


ex . 


13 


M 


938 


21 


19698 


7.1 


£0.1 


41 


Fair 


Fair 


Comp . 


ex . 


14 


N 


924 


23 


21252 


10.2 


£0.1 


41 


Fair 


Fair 




tr A . 


15 


0 


965 


20 


19300 


8.2 


£0.1 


ii 


Good 


Good 


Comp. 


ex . 


16 


P 


944 


23 


21712 


11.5 


£0.1 


42 


Fair 


Poor 


Comp. 


ex . 


17 


Q 


585 


30 


17550 


3.2 


£0.1 


48 


Fair 


Poor 


Comp. 


ex. 


18 


R 


984 


18 


17712 


6.8 


£0.1 


38 


Fair 


Fair 


Comp . 


ex . 


19 


S 


1025 


17 


17425 


8.2 


£0.1 


38 


Poor 


Poor 


Comp. 


ex . 


20 


T 


557 


31 


17267 


2.1 


£0.1 


47 


Good 


Fair 


Comp. 


ex . 


21 


U 


875 


20 


17500 


7.4 


£0.1 


37 


Fair 


Fair 


Comp . 


ex . 


22 


V 


662 


25 


16550 


1.2 


£0.1 


ii 


Good 


Good 


Comp . 


ex . 


23 


W 


826 


21 


17346 


10.2 


£0.1 


39 


Fair 


Poor 


Comp. 


ex . 


24 


X 


722 


23 


16606 


1.2 


£0.1 


40 


Good 


Good 


Comp. 


ex . 


25 


Y 


615 


24 


14760 


0.2 


£0.1 


39 


Fair 


Fair 


Comp . 


ex . 
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Table 7 /method of production ii) 



Ex. 
no 


Steel 


TS 

(MPa.) 


EL 
(%) 


TSxEL 


Res v 
vol . 

(%) 


Temp . 
marten . 
area (%) 


Hole 
exp. 

i- u 
(%) 


Plating 
adhesion 


Plating 
aDDearance 


Class 


1 


A 


586 


38 


22150 


10.5 


4.3 


67 


Very good 


Very good 


Inv. ex. 


2 


B 


629 


35 


22015 


8.1 


4.5 


63 


Very good 


Good 


Inv. ex. 


3 


C 


741 


32 


23345 


12.2 


8.8 


60 


Good 


Good 


Inv. ex. 


4 


D 


751 


28 


21081 


7.9 


8.4 


56 


Very good 


Very good 


Inv. ex. 


5 


E 


768 


29 


21988 


7.9 


5.8 


55 


Very good 


Very good 


Inv. ex. 


6 


F 


779 


26 


20442 


8.5 


6.0 


53 


Very good 


Very good 


Inv. ex. 


7 


G 


775 


28 


21766 


8.9 


9.1 


55 


Good 


Good 


Inv. ex. 


8 


H 


782 


30 


23195 


14.6 


7.3 


56 


Very good 


Very good 


Inv. ex. 


9 


I 


815 


28 


23117 


13.6 


5.0 


57 


Good 


Good 


Inv. ex. 


10 


J 


852 


24 


20247 


7.8 


8.5 


50 


Very good 


Very good 


Inv. ex. 


11 


K 


809 


28 


22294 


10.8 


9.7 


55 


Good 


Good 


Inv. ex. 


12 


L 


921 


22 


20299 


7.7 


5.9 


50 


Very good 


Very good 


Inv. ex. 


13 


M 


915 


23 


20742 


7.8 


6.4 


51 


Very good 


Very good 


Inv. ex. 


14 


N 


873 


24 


21288 


11.0 


9.4 


51 


Good 


Good 


Inv. ex. 


15 


O 


931 


21 


19556 


8.8 


8.2 


50 


Very good 


Very good 


Inv. ex. 


16 


P 


920 


25 


22863 


12.7 


9.6 


52 


Good 


Good 


Inv. ex. 


17 


Q 


553 


32 


17580 


3.5 


6.6 


58 


Very good 


Very good 


Comp . ex . 


18 


R 


950 


19 


17947 


7.3 


10.8 


47 


Good 


Good 


Comp . ex . 


19 


S 


999 


18 


18349 


9.0 


8.7 


48 


Good 


Good 


Comp . ex . 


20 


T 


526 


33 


17296 


2.3 


4.0 


58 


Very good 


Very good 


Comp . ex . 


21 


U 


844 


21 


17732 


7.9 


11.0 


46 


Good 


Good 


Comp . ex . 


22 


V 


645 


27 


17427 


1.3 


5.5 


54 


Very good 


Very good 


Comp . ex . 


23 


W 


781 


22 


17375 


11.0 


4.9 


48 


Good 


Good 


Comp . ex . 


24 


X 


697 


24 


16826 


1.3 


10.2 


50 


Good 


Good 


Comp . ex . 


25 


Y 


600 


26 


15542 


0.2 


7.0 


49 


Good 


Good 


Comp . ex . 



Example 4 

Steel slabs obtained by melting and casting the 
steels of E, H, and P of the range of ingredients of the 
present invention described in Table 5 were reheated to 

1200°C, then hot rolled at a temperature of 880°C for 
final rolling to obtain hot rolled steel sheets. The 

steel sheets were coiled at a coiling temperature of 600°C 
and held at that temperature for 1 hour for coiling heat 
treatment. The obtained hot rolled steel sheets were 
descaled by grinding and cold rolled by a reduction rate 

of 70%, then heated to a temperature of 770°C using a 
continuous annealing simulator and held at that 
temperature for 74 seconds for continuous annealing, 

cooled by 10°C/s to 450°C, then overaged by being held at 
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a temperature of 400°C for 180 seconds, then cooled to the 
martensite transformation point or less. These steel 
sheets were subjected to the following five types of 
experiments : 

5 Experiment 1 (invention example) : Pickling by 5% 

hydrochloric acid, Ni pre-plating to 0.5 g/m 2 

Experiment 2 (invention example) : No pickling, Ni 
pre-plating to 0.5 g/m 2 

Experiment 3 (comparative example) : Pickling by 5% 
10 hydrochloric acid, Ni pre-plating to 0.005 g/m 2 

Experiment 4 (comparative example) : Pickling by 5% 
hydrochloric acid, no Ni pre-plating 

Experiment 5 (invention example) : No pickling, no Ni 
pre-plating 

15 After this, the sheets were brush ground 

corresponding to surface cleaning at the inlet side of 
the continuous hot dip galvanization line, then heated to 

a temperature of 500°C for hot dip galvanization and 
further hot dip galvannealing, cooled to ordinary 
20 temperature, then 1% temper rolled to obtain the final 

products. The characteristics of the plating adhesions 
and plating appearances of the products are shown in 
Table 8. 
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Table 8/dif f erence in pickling and pre-plating conditions 



Experiment 
no. 


Steel type 


Plating adhesion 


Plating appearance 


Class 


ID 


E 


Very good 


Very good 


Inv. ex. 


(2] 


E 


Very good 


Good 


Inv. ex. 


[3] 


E 


Fair 


Poor 


Comp . ex . 


[4] 


E 


Poor 


Poor 


Comp . ex . 


[5] 


E 


Good 


Good 


Inv. ex. 


[1] 


H 


Very good 


Very good 


Inv. ex. 


[2] 


H 


Very good 


Good 


Inv. ex. 


[3] 


H 


Poor 


Poor 


Comp . ex . 


[4] 


H 


Poor 


Poor 


Comp . ex . 


[5] 


H 


Good 


Good 


Inv. ex. 


[1] 


P 


Good 


Good 


Inv. ex. 


[2] 


P 


Good 


Good 


Inv. ex. 


[3] 


P 


Poor 


Poor 


Comp . ex . 


(4] 


P 


Poor 


Poor 


Comp . ex . 


[5] 


P 


Good 


Good 


Inv. ex. 



In Example 3, the invention examples of Table 7 are 
5 improved in hole expandability due to the increase in 

tempered martensite compared with the comparative 
examples of the same experiment numbers of Table 6. In 
addition, the pickling and pre-plating improve the 
plating adhesion and plating appearance. The comparative 

10 examples of Table 3 are improved in plating adhesion and 

plating appearance by the pickling and pre-plating, but 
the ingredients are outside the scope of the present 
invention, so the TS, TSxEl, and hole expansion rate do 
not reach the passing values. 

15 In the differences in pickling and pre-plating 

conditions of Example 4, from Experiment 1, Experiment 2, 
and Experiment 5, pre-plating greatly improves the 
plating adhesion and plating appearance and, further, 
pickling is preferably performed before pre-plating. From 

20 Experiment 3, if the amount of pre-plating is small, 

there is no effect. From Experiment 4, with just 
pickling, the properties conversely deteriorate. The 
reason why with just pickling, conversely the plating 
adhesion and plating appearance deteriorate is that the 

25 surface is overly activated and is heated by the heating 

process of the continuous hot dip galvanization in that 
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state, so oxides of Si, Mn, etc. of the steel sheet are 
formed at the steel sheet surface and degrade the 
platability . 

INDUSTRIAL APPLICABILITY 

According to the present invention, it becomes 
possible to provide hot dip galvanized high strength 
steel sheet excellent in plating adhesion and hole 
expandability used in auto parts, household electric 
appliance parts, etc. and becomes possible to flexibly 
handle changes in product type, changes in production due 
to increase production at various manufacturers, and 
large emergency short delivery orders/production. 



